Abstract-We developed a proposal of a usability evaluation by the experts of a learning management system (LMS). The instrument is designed on the basis of the general criteria for the heuristic evaluation proposed by Nielsen, as well as on international standards, guides, and recommendations for software quality (ISO 9241 and ISO 9126). We present the results from applying the usability evaluation instrument to Metacampus, an LMS developed by and used at the Virtual University System, University of Guadalajara.
this kind of systems fostered our research interest on how to assess and measure the ease of use of learning management systems. How can we evaluate the usability of a learning management system? Which are the key recommendations and indicators to evaluate these systems? What is the difference, if any, between evaluating any software system and evaluating a learning management system?
As part of our research, we have designed an instrument for expert evaluation of the usability of a learning management system, which considers overall software user interface features, web applications features, and those specifically related to learning management systems. We have used the instrument to assess the usability of Metacampus, a "homemade" system whose development process began side by side with those of systems like Moodle and Sakai CLE, in the first lustrum of the 21 st century. Metacampus is still the main learning management system at UDGVirtual, although it may end up being replaced by the other two.
In this paper, we employ the definitions of the concepts of systems usability, web application, and learning management system, to explain the dimensions of learning management systems evaluated by our instrument. We describe the design of the instrument and its application on Metacampus, and then the results obtained are analysed, interpreted, and discussed. Lastly, we outline future lines of work.
II. USABILITY OF LEARNING MANAGEMENT SYSTEMS
Usability is a concept that integrates various aspects of digital systems, and allows us to characterize the quality of their design from the perspective of the user's experience. It was first used in the field of software engineering to support software design to facilitate the interaction between the systems and their users. Usability design methodology was later developed by software engineering theorists, most notably Nielsen [3] , to systematically improve humancomputer interactions in software applications, making them easier to use, comfortable and effective to their users. Later on, a methodology to assess the quality and performance of systems was developed [4] , in order to ensure their overall well-functioning by measuring it in terms of users' experience and how comfortable and satisfied they felt when operating the systems.
A learning management system (LMS) is a digital system whose function is to facilitate course management, as well as educational communication and interaction among course participants, through the use of information and communication technologies (ICTs), especially those which are specific to Internet [5] - [8] . As software, LMSs have unique features, which include [9] (quoted in [6] ):
• Multiplatform: They are built on standards, so that they can be deployed in a variety of hardware and operating systems.
• Browser-based: Their users access them via web browsers.
• Client/server architecture: Using the browser, their users connect to the servers running the software. No additional software installation is required in the user's computer.
• Multimedia: They allow working with files containing different text formats, images, audio and video.
• Restricted access: Users must identify themselves, and they need to be authorized in order to access the software.
• Graphic interface: They have graphical user interfaces developed on web-based technologies.
• Information management: They allow storing, retrieving, and modifying documents with relative ease.
• Interaction and communication: They facilitate interaction and communication among users through different tools and spaces. As an environment for the implementation of educational processes-from a communicational perspective-a learning management system is characterized by the provision of four different types of spaces, designed for different purposes [10] :
• To inform, by the provision and consultation of educational content (e.g. learning guides, slides) and reference materials (e.g. online dictionaries, papers).
• To exhibit the products of learning processes (e.g. documents, videos).
• To interact with other users and information exchange (e.g. chat, forum).
• To produce (e.g. documents, diagrams) or to implement processes that generate evidence of learning (e.g. exercises, tests). Despite its specialization, an LMS-like any other digital system-seeks to provide its users with effectiveness, efficiency and satisfaction in performing their tasks. Therefore, while studying or evaluating the usability of this kind of systems, one must consider their general features as digital systems, the goals inherent to their design as learning managing tools, as well as the specific needs of their users, as actors in educational processes.
As we were not aware of any work on defining evaluation criteria regarding the usability of learning management systems, we proceeded to define it and then to develop an assessment tool along two lines. The first one, the most generic and basic, was to identify the essential attributes of the usability of digital systems based on the heuristic evaluation defined by Nielsen [4] , who defines pragmatically and concretely the optimum operating conditions and functioning of a digital system. We also considered international standards ISO 9241 and ISO 9126 [11] , [12] . The first one, by incorporating three basic criteria: effectiveness, efficiency, and satisfaction; the second one, by incorporating three conditions: learnability, operability, and comprehensibility.
The second line addressed the most important recommendations regarding the design of learning management systems [6] , [8] , [13] , [14] , which establish that their objectives go beyond course management, and emphasize the technological support necessary to facilitate the integration of course participants in a learning community where they can network, exchange knowledge and enhance their learning through communication, collaboration, and interaction. We considered the questionnaire proposals by Zaharias and Poylymenakou [15] and Zapata [16] , as well as the characteristics of learning management system design defined by de Benito [9] , Almenara [14] , Salinas [8] , and Olivo [6] .
The development of a set of attributes whose values would allow us to estimate the usability of an LMS, and characterize the quality of its design from a user's perspective, began with the establishment of six general criteria, in the form of questions:
1) Does the online learning system's general design enhance usability? 2) Does browsing of the online learning system favour usability? 3) Is the online learning system reliable? 4) Is the language used in the e-learning system clear, precise, and adequate? 5) Do the collaboration tools of the online learning system comply with usability guidelines and recommendations, in terms of ease of use and of communication through them? 6) Do the e-learning system search tools help the user to find contributions, authors, or any other kind of information integrated into the platform? As we decompose these criteria into indicators we could identify a set of eight attributes: searchability, communicability, reliability, configurability, design, comprehensibility, ease of use, and navigability. The relationship between criteria, attributes, indicators and questions used in our assessment instrument (see Annex) is presented in Table I .
III. METACAMPUS
The AVA educational platform (later Metacampus) is an LMS developed by the University of Guadalajara in 2001 by de Losada [17] . The project's purpose was to fulfil the technological needs of the General Office of the System for Learning Innovation (INNOVA, in Spanish), today Virtual University System (SUV, in Spanish, also called UDGVirtual) at the University of Guadalajara. In 2006, Metacampus was presented as a "combination of various technological platforms" including AVA, designed by a group of engineers lead by Rubén Yáñez Reyna.
Metacampus was designed based on the educational model for UDGVirtual [18] . It incorporates instructional design that determines how the student activities are organizededucational programs break down into courses, which in turn have units (composed by preliminary, intermediate and integrative activities) and are wrapped up by presenting an integrated product.
Metacampus has the basic educational tools for the simulation of a virtual classroom: a calendar, email for tasks, personal pages for participants, documents and links, forums, chat, list of participants, workgroups and portal administration-the essential tools of an LMS. However, Metacampus also lacks many common tools in current educational platforms, such as internal email, announcements, tests/quizzes, blogs, wikis, social networks, and online surveys, among others. Metacampus' interface (Figure 1 ) rounds up a relatively simple LMS that seems particularly suitable to serve an adult population with little experience in the use of ICTs.
Metacampus had a central role in the development of online education in our university. It helps control the design and delivery of courses by disciplinary experts, educators and teachers with little experience in e-learning. It is also part of a first wave of homemade learning management systems, most of which have been massively replaced by commercial and open source platforms [19] . We consider appropriate to analyse its usability now that UDGVirtual is migrating to other systems.
IV. USABILITY STUDY
As a first approach to using the attributes presented in Table I to evaluate an LMS, we proceeded to address the particular case of Metacampus by carrying out and documenting a usability evaluation by experts [3] , who examined the system, its design and use. The group of experts analysed the successes and errors regarding the usability that the system could have in relation to each of the attributes of interest.
We decided not to start with a user evaluation method because we lacked a usability lab. Its implementation entails a high cost since it requires having a suitable space and the design of a tailored online course to simulate the scenario to carry out the tasks that users should do during the study. The expert method evaluation is considered a professional and objective assessment when participants dominate usability issues and know the purpose of the investigation, without ruling out that these experts are also users of the system they evaluate and know the implications of software systems development and its context of use. In the case of Metacampus, we considered the expert evaluation appropriate because the system was not subject to a similar evaluation in its design stage. Besides, it would be convenient to determine firstly if the system meets, or not, the guidelines and recommendations We thought it necessary for experts to also be users of the Metacampus platform, since this way we could recover the implications of its development within its context of use; that is to say, an ICT experts' outlook, and also an e-learning teachers' outlook. These were the reasons why we considered that an evaluation by experts was suitable for our research.
We followed the guidelines and recommendations by Nielsen [3] as to the number of experts to choose. Nielsen recommends a minimum of three, and a maximum of five experts to determine how usable a system's design and implementation are, by using a list of tasks or a questionnaire with previously selected measurement criteria to determine whether or not the system meets the requirements, or exhibits inconsistencies, errors, or flaws in its design.
The profiles of the selected experts for the task are summarized in Table II . They have taught online courses at SUV, and used Metacampus for several years-even as students in teacher training courses offered by our institution. They were all initially formed in ICT-related areas, or its use for educational purposes.
The evaluation by experts was divided into three stages: firstly, we established the usability parameters for e-learning systems, using the standards, guidelines and recommendations of authors involved in usability theory; secondly, we developed an evaluation instrument based on the usability criteria just established, according to the context of use of Metacampus; thirdly, we delivered the assessment tool to the experts and collected and analysed their responses. The questionnaire has six sections, and questions and answers were organized in a Likert scale of (1) Not satisfactory, (2) Barely satisfactory, (3) Neutral, (4) Very satisfactory and (5) Totally satisfactory (see Annex). The criteria, attributes and indicators were developed from Table I . The questionnaire was emailed to the six experts, who answered also through email. The results from the evaluation are shown in Table III . A visual representation of the results, which put together the assessment of each expert, is shown in Figure 2 . It can be seen that there is a clear distance between the assessment of Expert 3 and the rest, the former being particularly disapproving of the system's usability. On the other hand, experts 2, 4 and 6 are overall optimistic in their assessments, in comparison to the other ones. Interestingly, navigability is the system's attribute that Expert 3 scores more positively while 4 and 6 do so more negatively, while navigability is one of the attributes that earned best rating (4.0) from Expert 2. Expert 5 evaluated the system slightly below the "optimistic" group, while Expert 1 shows the greatest variety in assessing the various attributes, scoring highest the platform's comprehensibility, while searchability and configurability lowest scores match with those from Expert 3. A cluster analysis-hierarchical clustering considering Euclidean distance and maximum distance between elements in different clusters-confirms the existence of three groups (Table IV and Figure 2 ): pessimistic (Expert 3), mixed (Expert 1) and optimistic (Experts 2, 4, 5 and 6).
On a scale from 1 to 5, the average assessment by experts for Metacampus ranged between 1.45-minimum scoreand 3.97-maximum score-with an overall average of 3.18. A Student t-test helps to suggest that the results are hardly distinguishable from neutral; that is to say, Metacampus' usability was not evaluated neither as satisfactory nor (Table V) . If the average is calculated considering the optimistic group assessments only, the result is 3.67, score that falls in the confidence interval of 90% of the null hypothesis (average of 3, Neutral). This suggests, once again, that Metacampus' usability is not assessed as satisfactory.
Metacampus seems to have a serious usability problem in its reliability. Most experts reported experiencing access deny or frequent failures, error messages or interruptions in system operation. The optimistic group gave this usability attribute their lowest rating (3.1) and its average was 2.83. The two attributes with the lowest ratings were configurability (2.58) and searchability (2.67), suggesting that experts perceive a certain rigidity on the platform to adapt to the specific requirements of its users, due to the fact that Metacampus was designed in the early years of UDGVirtual to keeping under control the fast growing production and delivery of distance courses to be taught by teachers in training to students with little online experience. The communicability attribute was also evaluated with an average of just 3.07, because Metacampus' main communication tools (Forums, Questions, Portfolio, External Email, Messages and Chat) had deficiencies regarding ease of use, accessibility and efficiency. The experts proposed modifications for the improvement of Metacampus.
Comprehensibility was the best evaluated usability attribute, with an average of 3.82 and an optimistic rating of 4.2, placing it as very satisfactory. Moreover, the optimistic group rates with 4.0 the visual design of the system (global average was 3.48). This speaks of certain simplicity in Metacampus' design making it easy to understand and use by the kind of users it was originally designed for.
V. DISCUSSION
A learning management system should include the necessary tools so users can easily perform their educational tasks, such as information delivery, display of products, information and knowledge production, and interaction and communication. The system must be inclusive of its users in every step, and promote interactions among them. System usability is essential so the LMS becomes a vehicle for the implementation of educational processes and the integration of a learning community, not an obstacle.
The results obtained in our study, as well as the comments made by the experts to explain or justify their evaluations, is helpful to determine a number of specific actions to improve various aspects of Metacampus. It is necessary to improve its visual design, as four of the six experts rated it as 'serious', 'depressing', and 'tiresome', since its interface has relatively dark grey tones combined with white letters -colours that the experts considered unsatisfactory. Another proposed improvement is to change the location of the main menu, from right to left, because users are forced to move their eyes to the right to find what they want. According to our experts, a menu on the right side of a web page is extremely tiresome since users hardly focus on these points.
The visual inconsistency of the "Logout" button was also identified: a button design so different from the platform design that is lost in the graphic user interface. Also a lack of alerts and warning messages for students, when new questions or entries are posted in the forums, was identified. Inconsistencies were identified in the information displayed in various tools such as in the portfolio and forums, and browsing improvements were proposed for these areas because same actions from users on the interface sometimes trigger different system behaviours. Improvements were also proposed regarding the comprehensibility in the forums and portfolio, as well as the addition of search facilities in the questions and answers tool, and to increase system efficiency by reducing the number clicks to achieve tasks.
Regarding Metacampus' configurability, most experts agreed that it is 'rigid', 'little permissive' and 'counterintuitive' (as it is required 'to do various tests to achieve a given configuration'). Some changes were proposed regarding the configuration of course resources (documents and multimedia content), the colours of the platform and how to open forums.
Yet another suggestion was having alerts regarding who is online at any given time, either in the list of participants or the notice board, so students have more opportunities to use synchronous communication tools such as the chat, as well as creating a 'bulletin board' in the main area of the interface, in which teachers can publish alerts, warnings or notices as deemed necessary.
VI. CONCLUSION
In this paper we propose a definition of usability for a learning management system as well as a set of attributes (searchability, communicability, reliability, configurability, design, comprehensibility, easiness and navigability) that we selected considering both the basic nature of the learning management system as a web application, and its traits as a technological platform for supporting teaching and learning processes.
We designed an instrument to evaluate the selected usability attributes (see Appendix), and tested our proposal on Metacampus via expert evaluation at the Virtual University System at the University of Guadalajara. The results suggest that Metacampus has usability problems in some key aspects, such as low reliability, lack of flexibility to meet the varying user demands, and missing facilities to allow users to search for information, particularly in forums. Overall, the experts considered that Metacampus needs improvement to provide an acceptable level of user satisfaction, and delivered comments that are helpful to identify specific improvement opportunities.
Based on these results we can say that the proposed attributes to evaluate the usability of learning management systems are adequate, as well as the assessment instrument developed for the evaluation of Metacampus. Several research lines open here for future work. One of them is to explore usability evaluation of LMSs by non-expert users, using the collection of proposed attributes, and document the differences with expert evaluation. Another line of research is to have expert reviews of the evaluation instrument developed to assess the usability of Metacampus, and make it standard enough so that it can be adapted (if necessary) to evaluate the usability of other LMSs, and thus compare results among them. This line is particularly interesting to us because UDGVirtual has expanded its technological platform by integrating other learning management systems.
We have witnessed the recent emergence and wide dissemination of new devices to access computer systems (e.g. tablets and smartphones), and the emergence of new contenders in the LMS market, supported by prestigious companies and educational institutions that foster the availability of resources and innovation in education (e.g. Open edX [15] ). Therefore, the selection of the components of any educational platform is becoming a complex task, one that requires assessment tools and better decision-making. The design of such instruments must be based on the state of the art regarding learning management systems, the latest trends in the development and use of information and communication technologies, and new models for education in these new environments.
APPENDIX
We include below the expert usability evaluation instrument designed for evaluating the Metacampus learning management system. Its format has been adjusted for inclusion here.
The purpose of this questionnaire is to identify both good qualities and defects, concerning usability, of the Metacampus learning management system, in use at the Sistema de Universidad Virtual of the Universidad de Guadalajara.
INSTRUCTIONS: Choose the option you deem most appropriate, from 1 to 5. 1 1 The numbers 1 to 5 refer to (1) Unsatisfactory, (2) Barely unsatisfactory, (3) Barely satisfactory, (4) Very satisfactory, and (5) Totally satisfactory.
B. Does Navigation Design for the e-Learning System Favour Its Usability?
12. Users' navigation knowledge regarding where they are and where they can go to within the system. 13. Moving forward or backward from one place to another in a logic manner within the system. 14. Easiness to login into the platform. 15. Easiness to logout of the platform. 16 . ALT attributes in menus and buttons to facilitate navigation through short keys. 57. Easiness to use the search tool in forums.
C. Is the e-Learning

